INTRODUCTION
Intense and accelerated development of the world's coastline is increasing the interaction be tween coastal marine mammal species and anthropogenic-lined the importance of management actions to minimise potential negative effects (Richardson et al. 1995a , Lemon et al. 2006 , Ameer 2008 , Kight & Swaddle 2011 . The effects of underwater noise on marine fauna have attracted a great deal of interest in recent years, and this scientific discipline has unveiled several previously unknown relationships that have all contributed towards much more effective management and conservation practices around the globe (Buckstaff 2004 , Foote et al. 2004 , Aguilar et el. 2006 , Holt et al. 2012 , Williams et al. 2015 . Specifically, interactions between marine traffic and cetaceans have been the focus of considerable re search effort over recent years, with particular attention being paid to bottlenose dolphins Tursiops truncatus (Nowacek et al. 2001 , Lusseau 2003 , 2005 , 2006 , Campana et al. 2015 .
Cetacean species have previously demonstrated behavioural changes and/or habituation in response to marine vessel pressure. Dusky dolphins Lagenorhynchus obscurus (Barr & Slooten 1999 , Dans et al. 2008 , common dolphins Delphinus delphis (Stockin et al. 2008 , Meissner et al. 2015 , Indo-Pacific humpback dolphins Sousa chinensis (Van Parijs & Corkeron 2001) , sperm whales Physeter macrocephalus (Gordon et al. 1992) , minke whales Balaenoptera acutorostrata (Christiansen et al. 2013 ), Hector's dolphins Cephalorhynchus hectori (Bejder et al. 1999) and bottlenose dolphins (Nowacek et al. 2001 , Hastie et al. 2003 , Lusseau 2004 , Christiansen et al. 2010 , Pirotta et al. 2015 , Perez-Jorge et al. 2017 , have demonstrated both short-and longterm behavioural changes in response to marine vessels within a wide range of ecological settings. Such changes can take on various forms, with the most frequent being variations in vocalization, an increase in dive intervals, both vertical and horizontal avoidance behaviour, an increase in swimming speed, and a decrease in foraging and resting behaviour (Lusseau 2004 , Stockin et al. 2008 , Christiansen et al. 2010 , 2013 , Meissner et al. 2015 . By contrast, cases exist whereby habituation may be particularly advantageous to the population as a whole. A population of killer whales Orcinus orca was able to habituate to deliberate noise pollution; they avoided harassment devices set along lines during their initial encounters, but quickly established a way in which to overcome such noise disturbance (Tixier et al. 2015) .
The Istanbul Strait (also known as the Bosphorus; 41°13' to 41°00' N, 29°08' to 28°59' E) is situated between the Black Sea and the Marmara Sea, and is one of the narrowest straits in the world, with a minimum distance of 698 m be tween the European and Asian coasts. It is not only a vitally important marine ecosystem (Öztürk & Öztürk 1996) , but represents an area of great strategic, economic and cultural value (Öztürk & Öztürk 1996 , Köse et al. 2003 , Atar & Ates 2009 ). For centuries, the Istanbul Strait has been the most important route for oil transportation between the Black Sea and the Medi terranean Sea, as it is the only waterway between these basins (Özsoy et al. 2016 ). The strait is also home to heavy domestic and international marine traffic. The annual number of marine vessels travelling through the Istanbul Strait was approximately 4500 in 1936. This figure has since increased dramatically to 45 529 marine vessels passing through the strait in 2014 (Kara 2016) . Regarding the daily traffic, the number of cargo ships is estimated on average to be around 130 and the local traffic alone amounts to more than 2500 vessels per day (Directorate General of Coastal Safety 2014). Adding to its economic significance, the Istanbul Strait is an important fish migration path and contains critical habitats for cetacean species (Öztürk & Öztürk 1996 , Atar & Ates 2009 , Bas et al. 2015 . Bottlenose dolphins, common dolphins and harbour porpoises Phocoena phocoena are regularly observed within the strait (Öztürk & Öztürk 1996) .
Monitoring of behavioural changes can be used to determine the effect of boat presence and, if the level of exposure is known, can then be extrapolated to determine the overall effect on the population. Various authors (e.g. Saulitis et al. 2000 , Lusseau 2003 , Stockin et al. 2008 , Christiansen et al. 2010 , Meissner et al. 2015 have utilized behavioural budgets via the creation of Markov chains as a tool to assess disturbances in various cetacean populations, with particular focus on marine vessel pressure. However, it is important to keep in mind that studying the effect of marine traffic can involve some limitations, given that cetaceans spend most of their time underwater and some of their behavioural reactions might be elusive to the observer (New et al. 2014 , Pirotta et al. 2015 .
The aim of the current study was to determine the effects of marine vessels on the behaviour of bottlenose dolphins. More specifically, we investigated the effects of boat presence on the dolphins' behavioural budget and bout duration. To help inform management, we also investigated the effect of vessel speed, distance and vessel density on swimming direction of the bottlenose dolphins, in order to understand what specific factors are causing disturbance.
MATERIALS AND METHODS

Study area
The study area covered the entire Istanbul Strait, including the adjacent waters of the Sea of Marmara and the Black Sea. For the purpose of this study, the Istanbul Strait was divided into 4 sections based on vessel density and traffic patterns (Fig. 1) . A total of 7 land observation stations were selected in the 4 different sections: south section (Ahirkapi Lighthouse); middle section (Ulus Park, Rumeli Castle); middle-north section (Hidiv Kasri); and north section (Rumeli Kavagi, Garipce, Anadolu Lighthouse) (Fig. 1) . All stations were on the coast and at least 30 m above sea level for accurate theodolite readings (Table 1) .
Data collection
Data were collected in systematic weekly landbased surveys, between September 2011 and October 2013. Each station was visited on at least 2 different days each month. During the surveys, data were collected between 06:00 and 21:00 h. The field team included a theodolite operator, a computer operator, a behaviour and sightings data collector, and 2 spotters responsible for scanning the sea surface in search of cetaceans. The geographic position of vessels and bottlenose dolphins was recorded using a FOIF theodolite paired with Pythagoras v. 1.2 (Texas A&M University). The distance from the centre of the group to the nearest vessels was measured with the Pythagoras software. When vessels and cetaceans were present at the same time, coordinates were recorded alternately for the vessels and the focal group. Further, regardless of dolphin presence, the number of marine vessels and their type was counted every 10 min throughout the land surveys, to estimate the marine vessel density of each station.
Marine vessels were divided into 9 different categories: HSB (high-speed boat); FB (fishing boat, <10 m in length); FV (fishing vessel, >10 m in length, usually equipped with a sonar system); RB (research boat); FE (ferry, <15 knot [kn] Directional changes of dolphins in relation to the nearest vessel were categorised as either (1) response, when dolphins swam away or towards a vessel; or (2) no response, when dolphins kept a constant direction despite vessel presence. Marine vessels were placed within 1 of 3 speed categories: slow vessels (idle speed up to 3 kn); medium vessels (3 to 9 kn); and fast vessels (9 kn and upwards).
All sightings and effort data, as well as environmental conditions (visibility and cloud cover percentage, and Beaufort scale) were recorded, in addition to the theodolite data collection. Surveys were conducted only up to Beaufort scale 3. Seasons were classified as spring (March to May), summer (June to August), autumn (September to November) and winter (December to February).
Behavioural sampling
To determine the behaviour demonstrated by the focal group, a focal 'group' scan sampling method was adopted (Christiansen et al. 2010 , Meissner et al. 2015 . Behaviours of individuals in a group were scanned from one side of the group to the other, and the predominant behaviour (the behavioural state that > 50% of the group was engaged in) of the group was recorded every 3 min after their initial sighting. Dolphin groups were defined as individuals engaging in similar behaviours, with close-group cohesion (< 50 m). Recorded behavioural states were identified as travelling, diving, surface-feeding, milling, resting, or socialising (Table 2) . Previous studies combined diving and surface-feeding behaviour under either a diving or foraging state (Neumann 2001 , Lusseau, 2003 , Constantine et al. 2004 , Stockin et al. 2008 , Meissner et al. 2015 . However, due to the uncertainty of determining if dolphins were actually foraging during the diving state, we separated these 2 behavioural states into diving and surface-feeding (Table 1 ). The sample sizes for resting and socialising were too small to include them both individually in the analysis. Therefore, these 2 behavioural states were merged into one (socialising-resting) and analysed to gether.
When the distance between marine vessels and the centre of the focal group was ≤400 m, marine vessel presence was recorded as 'present' and referred to as the 'impact zone'. However, when the distance between a vessel and the focal group was > 400 m, vessel presence was recorded as 'absent' and referred to as the 'control zone'. This limit of 400 m was selected based on previous studies in other geographical areas (Constantine & Baker 1997 , Bejder & Samuels 2003 , Lusseau 2003 , Bain et al. 2006 , Bejder et al. 2006a ) and on a study in the same area, which showed that the probability of harbour porpoises responding to vessels was less than 10% when vessels were beyond 400 m (Bas et al. in press) . The results of the current study also justified the significant drop in the directional changes beyond 400 m.
Behavioural transitions
First-order time-discrete Markov chain analyses are a widely applied method to quantify the 1-way dependence of a behavioural state on the immediately preceding behavioural state, which allows for the potential effect of any factor on the dependence of 4
Behavioural state Definition
Travelling (TR) Dolphins engage in persistent and directional movement, and make noticeable headway with constant speed (> 2 kn). Dive intervals are relatively short (< 60 s) and constant. Diving (DV) Coordinated steep dives, usually tails are out at the surface before the dive. Dive intervals are long. No obvious, steady movements are recorded. Group spacing varies. Surface-feeding Dolphins chase fish with rapid circular dives, uncoordinated re-entry leaps, and rapid directional (SU-FE) changes and circle swimming. Prey often observed at the sea surface or in the dolphin's mouth, along with ripples. No body contact.
Milling (MI)
Non-directional movement and frequent changes in bearing. Animals do not make headway in any specific direction. Although the group movement varies, group cohesion stays similar. Individuals can face in different directions. Dive intervals are short Resting (RE) Dolphins observed within a tight group (< 5 m), and although movement is synchronous and steady, swimming speed is low (< 2 kn) with short dive intervals (< 30 s). Group activity level is low with no splashing at the surface. Socialising (SOC) Dolphins engage in diverse interactive events. Physical contact with other dolphins can be observed.
Genital inspections, body contacts and aerial events, such as full leap, are frequently observed Table 2 . Definition of each behavioural state (Lusseau 2003 , Constantine et al. 2004 , Christiansen et al. 2010 the behavioural states to be assessed (Lusseau 2003 , Stockin et al. 2008 . Therefore, the preceding and following behavioural states were recorded for control and impact situations in order to create the transition probability matrix for the Markov chains. 'Preceding' behavioural states (P ) essentially represent the first group behavioural state recorded (at t min time), and 'following' behavioural states (F ) represent the follow-up behavioural state (at t + 3 min time). Behavioural contingency tables (P vs. F ) were developed both for control and impact chains in order to investigate the temporal dependence between behavioural states (Lusseau 2003 , Christiansen et al. 2010 , 2013 , Meissner et al. 2015 . Control situation represented no vessels present (within 400 m of the focal group) between the preceding and following behavioural states. If marine vessels were present within 400 m of the focal group, the transition between preceding and following behavioural states was added to the impact situation table. However, due to constant marine vessel presence within the Istanbul Strait, it was impossible to have a definite control chain, thus only 9 min of continuous boat absence was considered a control chain, and sampling periods < 9 min were discarded due to the uncertainty of the situation. Moreover, it is important to note that it is very likely that vessels were still present outside the reaction zone even during control situations.
Data analysis
General log-linear analysis for model selection A general log-linear analysis was used to determine the best-fitting model in regard to behavioural transitions between preceding and following behavioural states, and to test the effect of the following 3 factors: marine vessels; season; and location (detailed in Lusseau 2003) . The model's null hypothesis stated that the following behavioural state was independent of marine vessel presence, season and location, given the preceding behavioural state. All possible models were tested until the saturated model was reached and the best-fitting model was chosen based on the lowest Akaike's information criterion (AIC).
Behavioural transition probabilities
To delineate the temporal dependence of behaviours, transition probability matrices were created by determining the transition probabilities from a preceding to a following behavioural state both during impact (behaviours in the presence of vessels) and control (behaviours in the absence of vessels for at least 9 min) situations (Lusseau 2003) : (1) where p ij is the transition probability from the preceding behavioural state, i, to the following behavioural state, j (i and j range from 1 to 5, as there were 5 behavioural states used in this study; see Table 2 ), a ij is the number of transitions observed from behaviour i to j and ∑a ij is the total number of observations where i is the preceding state (Lusseau 2003) . To test the effect of vessel interaction on the transition probability, the impact and control contingency tables were compared using a chi-squared test, where the observed count was represented by the impact chain (with a sample size equal to control chain) and the expected count was represented by the control chain. Further, each impact transition was compared to its corresponding control transition, using a 2-sample test for equality of proportions with continuity correction (Christiansen et al. 2010 ).
Behavioural budgets
To assess changes in behavioural budgets for impact and control situations, Eigen-analysis of both the control and impact matrices was performed (Lusseau 2003 (Lusseau , 2004 . Differences between the control and impact budgets were tested using a chisquared test (Fleiss 1981 , Lusseau 2003 . Each behavioural state within the control behavioural budget was also compared to the corresponding behavioural state within the impact behavioural budget, using a 2-sample test for equality of proportions with continuity correction. The 95% confidence intervals were calculated for the estimated proportion of time spent within each behavioural state following Lusseau (2003) .
Cumulative behavioural budgets
The diurnal effect of marine vessels on dolphin behavioural budgets was investigated by calculating the cumulative behavioural budget and comparing it to the control (undisturbed) budget of the dolphins. The cumulative behavioural budget takes into ac count the proportion of time that dolphins spend in the presence of vessels (impact situation) over a specified period of time (i.e. a day). By artificially varying this proportion from 0 to 100%, it is possible to determine at what level of exposure the cumulative be havioural budget becomes significantly affected, as suming that observed effect size does not vary with daytime exposure rate (Lusseau 2004) . The cumulative behavioural budget (Lusseau 2004 , Christiansen et al. 2010 ) was calculated as:
where a represents the proportion of time that dolphins spend with vessels and b is the remaining proportion of time (1 − a) without the vessel presence. The difference between the cumulative behavioural budget and the control budget was tested with a chisquared test and 2-sample test for equality of proportions with continuity correction for each behavioural state (Fleiss 1981 , Christiansen et al. 2010 ).
Bout lengths
Average bout lengths (the duration of time spent in a given state) of each behavioural state tii was estimated for both the control and impact chain, as described by Lusseau (2003 Lusseau ( , 2004 : (3) with (4) where n i is the number of samples with i as preceding behavioural state. Bout lengths were compared between the control and impact situation using a Student's t-test. All statistical analyses were carried out with R.3.1.1 (R Core Team 2014)
Directional changes
To investigate which vessel-related variables affect the behaviour of the dolphins, directional changes of the dolphins as a function of distance to the nearest vessel, the speed of the vessels (slow, medium and fast) and the number of vessels within 400 m of the dolphins were investigated. The directional changes were divided into response versus no response, so that a generalized linear model (GLM) with a binomial distribution (response as a binary variable) and a logit link function could be fitted to the data. To account for overdispersion in the models, the standard errors were corrected using a quasi-GLM model where the variance is given by φ × μ, where μ is the mean and φ the dispersion parameter. Temporal autocorrelation and uneven sample sizes between follows was accounted for by including only the first data point from each follow in the analyses. Col linearity (high correlation) between the explanatory variables was investigated by estimating the variance inflation factor, with an upper threshold value of 3 indicating collinearity. The best-fitting model was selected using AIC.
RESULTS
Bottlenose dolphin sightings and marine vessel presence
Surveys were carried out over the course of 308 d (1631 h), of which bottlenose dolphins were encountered on 164 d (204 h) ( Table 3 ). The survey effort for each season was similarly distributed, whereas it was unequal between sections, with the north section having the highest and middle-north the lowest survey effort (Table 3) . Overall bottlenose dolphin sighting rate was highest in the south and north sections, with over 86 and 56%, respectively. The middle section had the lowest number of dolphin sightings for each season with an average of 28%. Spring was the season with the highest dolphin sighting rate (75%), while autumn had the lowest (34%).
Bottlenose dolphins were exposed to marine vessels during 51% of the time. However, when considering only periods of continuous 9 min vessel absence, it was found that dolphins spent ca. 65% of their time in the presence of marine vessels, as most control situations were limited to less than 3 min. Small cargo ships were the dominant vessel type during interactions, followed by fishing boats. Together, these 2 vessel types represented 40% of total interactions. In contrast, sea buses were the lowest recorded vessel type during dolphin interactions, representing only 2% of encounters (Fig. 2) . Irrespective of dolphin presence, an assessment of marine traffic and the prevalence of vessel types re vealed that a total of 301 247 vessels used the Istanbul Strait during the study period, with ferries representing 70% of vessels. Despite the dominance of ferries within the strait, they were sighted in the vi cinity (< 400 m) of dolphins only 11% of the time through out the 2 yr study (Fig. 2) . Moreover, we found that 13% of marine traffic within the strait was actually stationary (IDLE category), represented most ly by fishing boats. With re spect to the selected sections in the Istanbul Strait, 60% of the total vessel traffic was present within the middle section of the strait. On average, around 500 vessels were recor ded daily throughout this middle section, whereas only 40 vessels were typically observed within the northern sections on a daily basis.
General log-linear analysis for model selection
A total of 3913 behavioural samples were collected throughout the study, which corresponded to 617 be havioural transitions under control, and 1497 under impact situations. Overall, dolphins spent most of their time travelling (44%, n = 1709) and diving (34%, n = 1311). Surface-feeding (n = 566) and mil ling (n = 158) were observed 14 and 4% of the time, respectively, whereas socialising (n = 78) and resting (n = 60) together represented only 4% of observations.
The 5-way log-linear analysis showed that the marine vessel model had the lowest AIC value and the highest AIC weight compared to the other models, and was thus found to be the best-fitting model by far (Table 4) .
Behavioural transition probabilities
The temporal dependence between behavioural states of bottlenose dolphins was significantly affected by vessel presence (goodness-of-fit test, χ 2 = 171.57, df = 16, p < 0.0001). Of the 25 behavioural Table 4 . Model selection on the behavioural transitions. × indicates an interaction between factors; + indicates the sum of the factors; G 2 = goodness of fit; df = degrees of freedom; AIC = Akaike's information criterion; ΔAIC = difference between the best-fitting model and the other models; MV = marine vessel. Bold: the lowest AIC value transitions, 8 were significantly altered under the presence of vessels (Figs. 3 & 4) . Surface-feeding to surface-feeding (χ 2 =21.22, df = 1, p < 0.0001) and resting-socialising to resting-socialising (χ 2 = 4.36, df = 1, p = 0.04) both significantly decreased by 30 and 24%, respectively, while travelling to travelling decreased by 17% (χ 2 = 20.95, df = 1, p < 0.0001) in the presence of vessels (Figs. 3 & 4) . Further, milling to surface-feeding (χ 2 = 9.98, df = 1, p = 0.001) was significantly reduced by 26% during impact situations. In contrast, the probability of dolphins switching behavioural state to diving increased significantly for 3 of the 5 behavioural states: milling to diving (χ 2 = 3.96, df = 1, p = 0.047); surface-feeding to diving (χ 2 = 17.96, df = 1, p < 0.0001); and travelling to diving (χ 2 = 33.45, df = 1, p < 0.0001); by a magnitude of 24, 27 and 20%, respectively (Figs. 3 & 4) . Finally, the probability of dolphins switching from diving to travelling (χ 2 = 5.44, df = 1, p = 0.020) increased by 9.4% during impact situations (Figs. 3 & 4) .
Behavioural budgets
There was a significant difference between the control and impact behavioural budgets (χ 2 = 41.89, df = 4, p < 0.0001) (Fig. 5) . While the dominant behaviour in the control budget was travelling, representing 44% of the overall control budget, it was diving in the impact budget. Regarding each behavioural state, 3 of 5 states showed a significant change. Diving behaviour made up 28% of the control budget, but increased up to 43% during the impact budget (χ 2 = 40.44, df = 1, p < 0.0001). Surface-feeding and socialising-resting represented 17.6 and 6.4% of the control budget, respectively, but de creased to 11.1 and 2.3%, respectively, during im pact situations (surface-feeding: χ 2 = 15.89, df = 1, p < 0.0001; socialisingresting: χ 2 = 20.53, df = 1, p < 0.0001; Fig. 5 ).
Cumulative behavioural budgets
At the current level of vessel− dolphin interaction (51%), the dolphins' cumulative behavioural budget was significantly different from their control budget (χ 2 = 10.64, df = 4, p = 0.03). Diving behaviour was significantly affected when the vessel exposure level reached 36% of daytime hours (Fig. 6) . Further, surface-feeding and resting-socialising were significantly altered when the vessel−dolphin interaction reached 64% (Fig. 6) . In contrast, the cumulative milling and travelling behaviours were not significantly altered, even if the dolphins were to spend all their daylight hours in the presence of vessels (Fig. 6 ).
Bout lengths
Of the 5 behavioural states, 4 showed a significant decline in their average bout lengths (min) in the presence of vessels (Fig. 7) . The average time that dolphins spent diving was reduced from 7.2 to 6.2 min (13.9%) during vessel interactions (Student's t-test = 8.71, df = 757, p < 0.0001) (Fig. 7) . Similarly, the bout length during socialisingresting (Student's t-test = 5.73, df = 82, p < 0.0001) and surface-feeding (Student's t-test = 17.89, df = 274, p < 0.0001) de creased from 5.6 to 3.9 min (30.4%) and from 7.5 to 4.3 min (42.7%), respectively, during impact situations (Fig. 7) . Finally, the average bout length during travelling decreased from 9.6 to 6.2 min (35.4%) in the presence of vessels (Student's t-test = 31.22, df = 907, p < 0.0001) (Fig. 7) . 
Directional changes
Vessel distance (p < 0.001, n = 721) and speed (p < 0.001, n = 721) both affected the probability of dolphins responding to vessels, whereas vessel numbers did not affect the response of the dolphins. The model explained 30.1% of the deviance (pseudo-R 2 ) in the data. There was no collinearity between the explanatory variables in the best-fitting model. The probability of dolphins avoiding vessels decreased with the distance to the nearest vessel at a rate of 0.011 ± 0.0018 (mean ± SE) on the logit scale (Fig. 8) . The probability differed between vessel speed categories, with vessels moving at fast (1.505 ± 0.3659 on logit scale) and medium speed (0.473 ± 0.3649 on logit scale) vessels eliciting a significantly stronger response compared to slow-moving vessels (−1.600 ± 0.5600 on logit scale) (Fig. 8) . The effect of distance did not differ between vessels from different speed categories (there was no interaction term in the model). At close distances (<10 m), the avoidance probability was around 15, 60 and 80% for slow-, medium-and fast-moving vessels, respectively. As the distance to the nearest vessel increased, the probability of dolphins showing avoidance responses decreased rapidly to around 5, 35 and 60% at 100 m and around 2, 15 and 30% at 200 m, respectively (Fig. 8) . Beyond 400 m, the avoidance probability of dolphins was less than 10%, irrespective of the speed of the vessel (Fig. 8) .
DISCUSSION
Substantial marine vessel traffic exists throughout the Istanbul Strait, with 130 cargo ships and over 2500 local vessels passing through the strait per day (Directorate General of Coastal Safety 2014). The current study shows that marine vessels can significantly affect the behaviour of bottlenose dolphins, with dolphins being more likely to switch from their current behavioural state to diving. These behavioural alterations were visible in the dolphins' behavioural budget, with diving being the predominant behaviour during impact situations, compared to travelling during control situations. Diving behaviour increased by almost 50%, while surface-feeding and already low encounters of resting-socialising behaviour dropped by 40 and 60%, respectively, in the impact budget. Hence it appears that dolphins display vertical avoidance towards vessels, at the cost of reducing the important behaviours of surface-feeding and resting-socialising. Furthermore, the average time that dolphins spent in a given behavioural state was significantly reduced in the presence of vessels, suggesting that the dolphins' behaviour was constantly interrupted by the vessels. Additionally, the current study found out that while speed and distance of the vessel from the dolphin group has a considerable role in the dolphins' swimming direction, vessel density did not cause a significant change in the direction of the animals. The avoidance response was highest at close distance and for faster speed vessels. Marine traffic density throughout the Istanbul Strait is exceptionally high and similar di rectional changes and behavioural transitions, i.e. increase in diving behaviour and decrease in bout lengths, have been reported in previous studies (Richardson et al. 1995b , Hastie et al. 2003 , Aguilar Soto et al. 2006 , Bejder et al. 2006a , Neumann & Orams 2006 , Christiansen et al. 2010 , Visser et al. 2011 , Bas et al. 2015 , Meissner et al. 2015 . We therefore suggest that regulations which take into account the speed and distance of the vessels, together with an implementation of 'Particularly Sensitive Sea Areas', play fundamental roles in minimising these negative behavioural effects. Re peated behavioural effects can otherwise lead to long-term biological consequences for the survival and reproductive success of individual dolphins, which ultimately (if a significant proportion of the population is affected) can lead to populationlevel effects (Bejder et al. 2006b , Christiansen & Lusseau 2014 or area avoidance (Lusseau 2005) . Temporal area avoidance might be occurring in the Istanbul Strait with a documented negative relationship between the area used by dolphins and that used by marine vessels (Bas et al. 2015) . The middle section of the Istanbul Strait, which is exposed to > 500 vessels daily, had the lowest number of bottlenose dolphin sightings, while the less busy adjacent waters of the Istanbul Strait (the south and north sections) had the highest dolphin sightings. Further research is needed to verify if this pattern is due to area avoidance or other factors. In the Istanbul Strait, the current level of vessel exposure (51%) is high enough to alter the daily behavioural budget (cumulative budget) of the dolphins, with a significant effect on diving behaviour. If the current vessel exposure increases further, surface-feeding and resting-socialising behaviours are expected to be affected at just over 60% vessel exposure, which is not far from the current level. That the dolphins' cumulative behavioural budget is affected is alarming, since this indicates that marine vessel pressure in the Istanbul Strait is not occasional, but chronic. Christiansen & Lusseau (2014) argued that while an animal can compensate for the occasional vessel presence, repeated interactions leave the animals little room to modify their behavioural pattern, and might lead to biologically significant long-term effects.
Vessel presence caused a significant decline in feeding, resting and socialising behaviour. A reduction in feeding can lead to a decrease in energy intake (Christiansen et al. 2013) , while a decrease in resting is likely to reduce the energy reserves (Constantine et al. 2004 , Lusseau 2004 . Over time, alterations to the dolphins' bioenergetic budget can lead to a decrease in body condition, which in turn can have negative effects on survival and reproductive success (New et al. 2014 , Christiansen & Lusseau 2015 . Socialising plays an important role for the dolphins' reproductive success and disruption to this behaviour could lead to a lower pregnancy rate, thus fewer offspring, which could have long-term negative biological consequences for the population (Lusseau 2004 , 2006 .
The current study revealed that socialising and resting constituted only 6% of the behavioural budget of the dolphins during control situations, and only 2% during impact situations. Lusseau (2004) underlined that these rare behavioural states are the most sensitive to disturbance and often the first to translate into long-term changes due to marine traffic in Doubtful and Milford Sounds, New Zealand. Therefore the low proportions of resting and socialising might be related to the high marine vessel density in the area, or they may naturally be low within the Strait but higher somewhere else in the dolphins' home range. Further studies are needed to delineate the potential resting and socialising habitats.
Owing to the extremely high density of marine traffic in the Istanbul Strait, it can be considered as one of the planet's busiest and most important, but also most hazardous and narrow, channels (Birkun 2002 , Köse et al. 2003 , Mavrakis & Kontinakis 2008 . The amount of marine traffic has increased steadily since the early 1990s (Deniz & Durmuşog lu 2008) and this trend is likely to continue in coming decades. Even though bottlenose dolphins in the area are already classified as 'at risk' (Birkun 2012) , there are no species-specific conservation and management plans in Turkey, despite the numerous threats they are facing, including overfishing, habitat destruction and bycatch (Öztürk & Öztürk 1996, Öztürk et al. 2001) . The results of the present study are alarming and show that marine traffic in the Istanbul Strait is hav-ing a strong behavioural impact on the local bottlenose dolphins. In order to prevent long-term negative effects on the population, marine vessel−dolphin interactions in the strait need to be reduced immediately through the designation of 'Particularly Sensitive Sea Areas' with appropriate conservation strategies with respect to area restrictions, vessel speed and vessel density. Further, regular systematic monitoring of the bottlenose dolphins in the area is needed to monitor potential changes in population size and habitat use over time in response to vessel traffic, to help inform management within the Istanbul Strait and neighbouring waters.
CONCLUSIONS
The current study has advanced our knowledge and understanding of marine traffic impacts on the bottlenose dolphin population within the Istanbul Strait. Results confirm that the current level of marine vessel traffic has negative effects on the behaviour of the bottlenose dolphins to the extent that it alters their daily behavioural budget. A significant reduction in both feeding and resting behaviour is likely to cause a reduction in energy acquisition and an increase in energy expenditure. This is alarming, since repeated behavioural disruptions could end up negatively affecting both survival and reproduction, which ultimately could lead to population-level effects. The results of the study therefore have to be considered immediately to delineate 'Particularly Sensitive Sea Areas' and to adapt species-specific conservation and management strategies, not only in the Istanbul Strait but also in adjacent waters, in order to reduce the risk of long-term negative consequences on bottlenose dolphins in the strait.
